In the past 20 years the average real earnings of Chinese urban male workers have increased by 350 per cent. Accompanying this unprecedented growth is a considerable increase in earnings inequality. Between 1988 and 2007 the variance of log earnings increased from 0.27 to 0.48, a 78 per cent increase. Using a unique set of repeated cross-sectional data this paper examines the causes of this increase in earnings inequality. We find that the major changes occurred in the 1990s when the labour market moved from a centrally planned system to a market oriented system. The decomposition exercise conducted in the paper identifies the factor that drives the significant increase in the earnings variance in the 1990s to be an increase in the within-education-experience cell residual variances. Such an increase may be explained mainly by the increase in the price of unobserved skills. When an economy shifts from an administratively determined wage system to a market-oriented one, rewards to both observed and unobserved skills increase. The turn of the century saw a slowing down of the reward to both the observed and unobserved skills, due largely to the college expansion program that occurred at the end of the 1990s. JEL Codes: J31, P2, P3
Introduction
Over the past 20 years China has had unprecedented economic growth. In 1988, China's per capita GDP averaged $377, and by 2007 this value had increased almost sevenfold to $2604 (United Nation data series). This same period has also seen considerable institutional changes in an economy which switched from a centrally-planned to a market-oriented system; a large scale rural to urban migration; and a huge expansion in high education enrollment. In 1988 around 98 per cent of the urban labour force worked either in the state or the collective sectors, only 10 per cent of the urban labour force had a college or above degree, and rural to urban migration was almost non-existent. By 2007, employment in the state or collective sectors had dropped by 36 percentage points to 63 per cent, labour force with tertiary and above education 1 increased by 30 percentage points, while around 140 million rural labour force (accounting for one third of the urban labour force) moved to cities to work. We would expect institutional and structural changes of this magnitude should have a significant impact on the distribution of the earnings of local urban workers. This paper sets out to document and investigate the impact of these changes on the changes in urban male workers' 2 earnings dispersion. Using a unique set of repeated cross-sectional data we show that the last 20 years has seen the variance of the log male annual earnings in urban China almost doubling. Unlike the earnings growth, however, the changes in earnings dispersion have been more erratic. There was hardly any change in earnings inequality in the period between the late 1980s and the early 1990s, but the variance of the log earnings increased from 0.23 in 1992 to 0.47 in 2001. Since then, the increase in earnings inequality has been slow, up until 2007. This paper contributes to the literature by linking the changes in earnings inequality with the measurable structural and institutional changes occurring during the same period. We show that part of this significant increase in earnings inequality can be explained by the switching of the urban labour force from the state/collective to the private sectors and part of it is due to the increase in the return to education, and the reduction of the return to seniority. However, for the most part, the changes are related to the significant changes in within-group residual variances.
The second contribution of this paper is that we examine the factors which might have affected the changes in within-group residual variances. The literature has always assumed that the change in the within-group residual variances is driven by the change in the price for unobserved skills while the distribution of unobserved skills is held constant over time (see, for example, Juhn, Murphy, and Pierce, 1993 and Lemieux, 2002 . We find that in China it is impossible to argue that the distribution of unobservable skills has not changed, even within the skill cells. In fact we find that although the changes in the within-group residual variances in the 1990s might be closely related to the increase in the price for unobserved skills, the slowing down of the increase in within-group residual inequality in the 2000s may be mainly affected by a significant increase in the supply of young educated workers. This not only suppressed the price for observed and unobserved skills, but also changed the distribution of within-group unobserved skills.
The paper is structured as follows. The next section presents background information on factors affecting earnings inequality, such as changes in labour market institutions and supply of and demand for skilled and unskilled labour during this period. Section 3 introduces the data used and describes changes in earnings inequality during the period. Section 4 discusses the methodology. Section 5 investigates the changing pattern of earnings inequality and the main contributing factors to the changes in inequality. Section 6 examines the causes ofs the change in the contribution of the within-group residual variances. Conclusions are given in Section 7.
Background
Under the planned economic regime, urban workers had lifetime employment whereby their jobs were assigned by the state, firms were not allowed to fire workers, and wage levels were centrally determined. The market oriented economic reform which began in the agricultural sector at the end of the 1970s took a long time to spread to the urban sector. By the end of the 1980s, although some progress in marketization was made in the goods market, the urban labour market reform lagged behind. Neither job mobility nor wage determination had changed much from the planned economic regime, except that enterprises had the right to retain a proportion of their profits which were often used to pay bonuses to workers (Korzec, 1992; White, 1988; Takahara, 1992 and Meng, 2000) .
The early 1990s saw the speed-up of marketization in the goods market and an increase in the dispersion of profitability within the state sector. Studies find that in the early 1990s wage variations depended heavily on firms' profitability in the state sector (Meng, 2000) .
It took the financial collapse of many state-owned enterprises to initiate the real changes in the urban labour market. In the mid 1990s, more than 40 per cent of the state-owned enterprises were making losses. To vitalize the economy, the government finally made it legal for the state enterprises to become bankrupt and to fire unwanted workers. It was not until 1997 that a policy to 'keep the 1000 large scale state-owned enterprises and let go the small and medium loss-making firms' was implemented and in response there was a significant shift in the labour force from the state to the non-state sector. In 1997-98 around 12 million urban state sector workers were laid off (Meng, 1998) .
It was against this background that more and more workers shifted to private sector employment. Panel A of Figure 1 presents the total share of state sector employment for the urban workers and for those who had five or less years of work experience. It shows that since 1997-98, the proportion of workers employed in the state sector has been reducing rapidly, especially for new entrants to the labour market. In 1997, around 75 per cent of new entrants were employed in the state sector and by 2007 this figure had reduced to 40 per cent.
While most urban people were still working in the state/collective sectors, private sector employment grew quickly. Since the early 1990s, China has embarked on an export-oriented economic growth strategy. The growth of the FDI and joint venture firms increased demand for unskilled workers in cities. This increase was met by the large scale inflow of rural migrants to urban centres. According to the data available to us, in 1994 there were around 37 million rural migrant workers in cities, and by 2007 this had increased to 135 million (See Panel C of Figure   1 ). The most significant inflow occurred around the end of the 1990s. The increase in migrant labour supply was accompanied by a high proportion of the urban labour force exiting from the labour market, and a shift of urban workers from unskilled production to service and clerical occupations (panel B of Figure 1 ). Panel C of Figure 1 shows the increase in the working age (16-60 years) of the urban non-student population who were not in the labour market, together with the number of rural migrants working in cities for the period 1988 to 2007. The two trends increase almost hand-in-hand.
Another important change in China, which might have a significant impact on urban wage inequality, is the expansion of higher education. Education levels of urban Chinese have been affected by significant political changes. During the ten year Cultural Revolution (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) , schools were closed for many years. Universities did not begin normal student recruitment until 1977. As a result, an entire cohort of youth missed schooling for various numbers of years (Meng and Gregory, 2002 and 2005a) . After the Cultural Revolution, universities reopened for the public and anybody who missed the opportunity to go to universities because of the Cultural Revolution was allowed to sit the National College Entrance Examinations and those who were successful were able to go to university regardless of their age. 3 As a result, in the 1980s and early 1990s the proportion of the labour force with a tertiary degree increased significantly. Throughout the 1990s the proportion of the work force with tertiary education increased only slightly. Then, in 1999 the government decided to increase tertiary (three-year college and above) enrolments by as much as 40 per cent (panel D of Figure 1 ). This university enrollment expansion significantly increased the supply of the skilled workers from the level observed early this century. Panel E of Figure 1 depicts the change in the share of employed males with different levels of education. At the beginning of this period (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , more than 50 per cent of the male workers had education levels at or below junior high school and by the end of the period this ratio had dropped to around 20 per cent. A reverse trend is found for college or university degree holders. In 1988 a little more than 10 per cent of male workers had a tertiary education and by the end of the period the ratio had increased to 40 per cent. 3 College entrance in China normally has an age restriction.
Finally, because of the introduction of the One-Child Policy at the end of the 1970s, the urban population has aged significantly (panel F of Figure 1 ). The proportion of young workers with one to ten years of experience dropped from around 30 per cent of the total workforce at the beginning of the period, to just below 20 per cent at the end. The proportion of those with 21 to 30 years of experience increased from 23 per cent to 34 per cent.
We now analyse how these changes have affected the earnings distribution in the past 20 years.
3 Data and the general picture of earnings inequality
Data
The data used in this study come from the Urban Household Income and Expenditure Survey (UHIES) 1988 (UHIES) -2007 . The survey was conducted by the National Bureau of Statistics annually since 1956, and was resumed in 1980 after its suspension during the Cultural Revolution-1966 -1976 (Fang et al. 2002 . The electronic data are available from 1986. The survey samples households with Urban Household Registration for every province in the nation. We use the data from 16 of the 31 provinces including Beijing, Shanxi, Liaoning, Heilongjiang, Shanghai, Jiangsu, Anhui, Jiangxi, Shandong, Henan, Hubei, Guangdong, Sichuan, Chongqing, Yunan, and Gansu. This is the only data set in China which goes back 20 years to record annual changes in earnings during this extraordinary growth period. The survey was conducted for the purpose of monitoring income and expenditure changes for households whose household registrations (Hukou) are located in urban areas. It uses a diary record to collect individual earnings, other forms of income, household income and expenditure related data. Basic individual demographic and human capital variables are also available. The data have been widely used to analyse income inequality, poverty, rates of return to education, and household savings in China (see, for example, Han, Wailes, and Cramer, 1995; Fang et al., 2002; Gibson, Huang, and Rozelle, 2003; Meng, Gregory, and Wang, 2005b; Zhang, Zhao, Park, and Song, 2005; Meng, Gregory and Wan, 2007; and Chamon and Prasad, 2008). 4 The UHIES questionnaire changed four times in 1988, 1992, 1996, and 2002 As this study is on male earnings inequality, the sample includes male individuals aged 20 to 60 who are working and have a positive wage at the survey year. 5 Excluding missing values, for each of the 20 years the final sample size ranges from 7400 to 26,900. Table 1 presents the summary statistics of the data. It shows that over the 20 years, the mean age of the male workers increased slightly from 39 to 42 years. Similarly, actual and potential work experience 6 all increased slightly. Further, the average years of schooling increased from 11 years to almost 13 years, while the proportion of workers with tertiary and above education increased from 16 per cent at the beginning of the period to 41 per cent at the end. The most significant change 4 The survey design and sampling procedure have been discussed in great detail in the above mentioned papers. 5 In urban China the majority of labour force work works full time. For example, using CHIPS 1995 and data where days and hours worked variables are available, we found that in 1995, 97% of the working population in urban China worked 7 or more hours a day, while 99% worked 5 or more days a week. In 2002 the proportion who worked 7 or more hours a day is 95%, and 97% worked 5 or more days a week. 6 Potential work experience is calculated as: age minus years of schooling minus 7.
is the increase in male annual real earnings 7 , which increased from 4,379 yuan in 1988 to 19,520 yuan in 2007, an increase of 346%.
General picture of earnings inequality
The above discussion focuses mainly on the mean values. As discussed in Section 2, the significant increase in mean earnings over the last 20 years was accompanied by changes in labour market institutions and the structural change in labour demand and supply. The latter brought about considerable shifts in the distribution of earnings. inequality increased significantly, by any measure. The Gini coefficient increased from 0.23 to 0.37, an increase of 58 per cent. The ratio of the 90th to the 10th percentiles was 2.9 times in 1988 and increased to 5.4 times in 2007, an increase of 87 per cent. Similarly, the variance of the log real annual earnings increased by 76 per cent over 20 years. Such an increase is much higher than that found for the US where over the period of 26 years between 1963 to 1989, there is a 72 per cent increase in variance of log weekly earnings (Juhn, Murphy, and Pierce, 1993) . Figure 2 shows the earnings inequality from different aspects. All of them convey the same story of a fast increase in earnings inequality. Below we pay particular attention to panels C, D and E.
Panel C presents the change in real earnings for the 10th, 50th, and the 90th percentiles.
We observe that in the first few years the earnings of the three groups went up almost equally.
Between the early to the end of the 1990s the 90th percentile went up much more than the 50th and the 10th percentile groups. Over this period, the bottom income group (the 10th percentile) hardly changed from its early 1990s level. This pattern coincides well with the fact that during this period drastic state enterprise reform led to a significant drop in earnings for the loss making firms. After the year 2000, the earnings of low income workers started to grow 7 Real earnings are calculated using nominal earnings deflated by provincial level CPI which is set at 100 for 1995.
again, but the rate of change was slower than that of the 90th percentile group.
Panel D of Figure 2 shows the ratio of the final years (2005) (2006) (2007) and the base years earnings for each percentile to indicate the percentage changes over 20 years for the entire distribution. To reduce the measurement error problem, we take the ratio of the average of the last three years (2005) (2006) (2007) and that of the first three years (1988) (1989) (1990) . The scatter plot indicates the actual changes while the solid line shows the linear prediction. The graph reveals that over the 20 year period the real earnings at the bottom more than doubled, while at the top they increased by five or more times.
The final panel (Panel E of Figure 2 ) illustrates the same ratios for different periods. There, we see different patterns over time. The period from the late 1980s to the early 1990s had very small changes in earnings inequality, while the decade beginning in 1990 has the largest increase in inequality. In this period there is a real earnings drop for the very low earnings group, but a more than 60 per cent increase for the very high earnings group. The years between the late 1990s and early 2000s also witnessed large increases in inequality but that was mainly driven by the larger increase in earnings at the top of the distribution. Earnings increased most dramatically relative to other periods between the early to mid 2000s, but the increase is almost equally distributed and earnings inequality did not change significantly.
The above descriptive analysis focuses mainly on the overall inequality. As significant institutional and structural changes have occurred in the Chinese urban labour market, the changes in earnings inequality may have affected different groups differentially, as indicated in Section 2. Figure 3 presents the variance of the log real earnings by level of work experience, education, occupation, and sector of employment. The graphs indicate earnings inequality for within-groups.
Panel A shows that earnings inequality is more serious among younger workers than it is among the older ones. However, since the late 1990s, there has not been a further widening of earnings inequality among younger workers, whereas for the older workers the inequality continued to increase until 2004. This pattern of wider inequality among the less experienced is unusual from the point of view of western labour markets, where within-group inequality is usually higher among the experienced (Juhn, Murphy, and Pierce, 1993 and Lemieux, 2006) . This difference, perhaps, is the result of the significant labour market transition from a planned to a market-oriented economy. It is the young workers who are more likely to enter into the market-oriented private sector, where earnings dispersion has been much wider than in the public sector (see Panel C of Figure 3 ). Indeed, even at the beginning of the period (1988), 27 per cent of the group with 1-10 years of experience were not working in the state sector, while for the older group the ratio was 10 per cent. Over time this gap increased. By the end of the period 52 per cent of the young group were not working in the state sector, whereas for those with more than 20 years of experience the proportion is 35 per cent. Another reason for the young to have a larger within-group earnings variance may be related to the steepness of the age-earnings profile during the first ten years of their career. Figure 3 depicts the variance of log real earnings for individuals with tertiary education (three-year college and above, labeled 'educated' hereafter) and those with junior high school and below education (labeled 'less-educated' hereafter). Unlike many western countries, earnings inequality is much higher among the less-educated group. This, perhaps, is related to the fact that during the Cultural Revolution (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) ) entire cohorts of youth were not able to go to school and hence were forced into the less educated group even though their innate ability might otherwise allow them to enter the educated group had they been given the opportunity to do so. Thus, within the less-educated group the ability distribution should be wider than that of the educated group. Between the 1980s and the 1990s, as China moved from a planned to a market-oriented economy, ability was gradually being rewarded and hence we observe the sharp increase in within-group earnings inequality during this period for both the educated and less-educated. However, as the Cultural Revolution cohorts gradually retire and more educated young people enter the labour market, especially after the university expansion in the late 1990s, the inequality of earnings within the less educated group begins to drop, while within the educated group inequality continues to increase. This changing pattern of the ability composition within the educated and less-educated groups will remain an important issue throughout the paper. Figure 3 investigates the earnings dispersion within the state (state and collective sectors) and non-state sectors. As expected, the earnings dispersion within the non-state sector is much larger than in the state sector. From the mid-1990s onwards, however, the inequality within the non-state sector dropped significantly for reasons unclear to us at this point. Note that the sample size for the non-state sector is very small for the data between 1988 and 1993 and relatively small for the period 1994 to 1996. Thus, it is possible that the extremely high variance during the period of 1991-1996 is due to sample noise and should not be taken seriously.
Panel B of

Panel C of
Within the state sector the earnings inequality started off from a fairly low level and increased continuously during the 1990s. Since the early 2000s the within state sector earnings variance has kept constant.
The last panel (Panel D) examines different patten of inequality for different occupation groups. Service/clerical workers and production workers exhibit larger within-group earnings inequality than the highly educated professional and managerial groups. The decline of earnings inequality among production workers from 1999 onwards may be related to two factors: First, the large scale inflow of the rural migrant workers crowded out many urban local workers who exited from the labour market. We might assume that the crowding out effect mainly affected the bottom of the ability distribution and hence narrowed down the earnings inequality among urban local production workers. Second, the large scale university expansion from the late 1990s has allowed lower ability workers to move up to better skilled jobs, which in turn reduced the earnings distribution at the bottom. The latter effect may be confirmed by the same pattern of decline in inequality for the production workers and for the less-educated group (see Panel B for junior high school and below group).
The general inequality picture presented here indicates that there has been a considerable increase in earnings inequality, occurring mainly in the 1990s. The changes in inequality among different groups of the labour force, however, is not the same.
Methodology
The increase in earnings inequality is often decomposed into the change in the price of observable characteristics, the change in the distribution of observable characteristics, and the change in the residual, which is normally labelled as 'the price of unobserved skills' under certain assumption (See, for example, Juhn, Merphy, and Pierce, 1993; DiNardo, Fortin) . We follow Lemieux (2002 and to decompose the change in variance of log earnings over time. Consider the following earnings equation:
where y it is the log of the annual earnings of individual i at year t; x it is a vector of observable characteristics (we include education and labour market experience for the Baseline Model and education, experience, and state sector employment for the Extended Model); β t is a vector of return to observable characteristics; and it is the error term. Lemieux (2002) shows that the variance of the log earnings can be written as:
where ω is the sample weight, b β is the vector of OLS estimates of β, and u is the residual from the OLS regression of equation (1). In the second part of the equation (2), the subscript j indicates the number of skill cells in the sample (for example, if x is a vector of experience and education categories, j will be the number of experience-education cells in the sample); σ 2 jt is the within-cell residual variance, and θ j is the proportion of observations in cell j of the sample (in the case where x are all dummy variables, θ will be x).
To decompose the change in the variance of earnings between year t and year s, Lemieux (2002) proposes two counterfactual variances. The first is to replace b β t in Equation (2) with b β s which is obtained by estimating Equation (1) with period s data. Thus, the first counterfactual variance, denoted as V a , is defined as:
The second counterfactual variance, denoted as V b , is to replace θ jt in Equation (3) by θ js , which is the actual proportion of observation in cell j for period s:
Using the two counterfactual variances, V a and V b , we can decompose the change in variance of earnings between periods t and s into three components: 1. a portion which is due to the change in the return to the observables (∆ b β); 2. a portion which is due to the change in the composition of the sample (∆θ j ); and 3. a portion which is due to the change in the within-cell residual variance (∆σ j ). Thus, V t − V s may be written as:
Lemieux (2006) further investigates the residual variance component and writes it as follows:
where p t is price for unobservables. He then assumes that the distribution of unobservable skills among workers within each skill cell j is stable over time, thus, σ 2 jt = σ 2 js = σ 2 j . Because of this, Equation (6) can be re-written as
where V jt varies only if the price for unobservables varies over time.
The assumption that the distribution of the unobservable skills within skill cell is constant over time is unrealistic for China. One example may be worth mentioning. As discussed in and junior high school and below), four categories of years of work experience (1-10 years, 11-20 years, 21-30 years, and 31 and above years) and provincial fixed effects. This specification is consistent with that used in most U.S. studies on wage inequality. The inclusion of provincial dummy variables is necessary to control for significant spatial price variations Holz, 2006 and Gong and Meng, 2008) . 8 In addition, we also extend the baseline model with an additional dummy variable indicating whether an individual is working in the state sector or not because the switch between the state and non-state sector is probably an important factor in the change in earnings inequality.
Tables 3 and 4 present the results for the Baseline and the Extended Models, respectively. In both cases the omitted category is 1-10 years experience and junior high school and below. The results in Table 3 show that there seems to be a very significant return to years of experience.
The longer the experience, the higher the return throughout the 20 year period. However, relative to the group with 1-10 years of experience, the change in the return to experience varies significantly for different experience groups over different periods. In the late 1980s and early 1990s those with 11-20 years of experience earned around 35 per cent more than those with 1-10 years of experience. Since the early 1990s the return to experience for this group has reduced to around 25-28 per cent. For those with more work experience (21-30 years and above 30 years of experience), the reduction in relative returns has been more dramatic and continuous. For individuals with 21-30 years of experience the returns reduced from 48 per cent in 1988 to 34 per cent in 2007, while for those with more than 30 years of experience the return 8 We assume that provincial variations are fully captured by the changes in βs and Xs and will have no effect either on residual variance distribution across groups or within groups. drops from 55 per cent to 35 per cent. The most significant reduction occurred in the period between the early 1990s and the early 2000s when the economy experienced the most significant deregulation. During the planned economic era, wages were administratively determined and seniority was one of the most important considerations in the earnings determination process.
The market oriented economic reform has gradually abolished the seniority determined wage system and hence, at the end of the reform period the return to work experience has started to reflect labour productivity (Meng and Kidd, 1997 and Meng, 2000) .
While the return to experience has been reducing, the return to education has been increasing. Compared to the less-educated group (junior high school and below), the senior high, technical school, and three-year college and above groups in 1988 earned 2, 7, and 13 per cent more. By 2007, the same ratios increased to 17, 27, and 56 per cent, respectively. The Extended Model (Table 4 ) presents a similar picture of the change in rates of return to education and work experience. The additional variable, employment in state-or collectivelyowned enterprises, has had dramatic changes in its payoffs. During the late 1980s and early 1990s, employees in the state or collective sectors were paid higher earnings than their counterpars in other sectors. These payoffs had disappeared in the 1990s, and then in the mid-1990s the return became negative as a large proportion of the state-or collective-owned firms were making losses. It was not until the early 2000s that the payoff to state and collective employment was again positive (see Panel C of Figure 4 ).
Panels
Another way to gauge the contribution of each set of variables included in the regressions when explaining the total earnings variation is to derive a bounded range of the contributions using partial and marginal R 2 s for each set (see Dickens and Katz, 1987) . We plot the upper bound (the partial R 2 s) of the contributions. 9 These are presented in Panel D of 
Decomposing the total earnings inequality
We apply Lemieux's (2002) decomposition method in order to understand what generated the large increase in earnings inequality over the last 20 years. Table 5 presents the change in variance of earnings between 1988 and 2007, as well as for four different time periods within this 20-year period, (i.e. 1988-1992, 1992-1998, 1998-2003, and 2003-2007 The change in returns to observable characteristics contributes to the increase in the earnings 9 We also calculated the lower bound of the impact of each set of variables on earnings variation by adding each set of the variables to the existing sets of variables to see their marginal contribution to the R 2 s. These results are similar to those presented in Panel D of Figure 4 and are available upon request from the authors. variation. These two effects, however, almost cancel each other out.
The next four columns split the period into four sub-periods. In the 1988-1992 period the urban economy operated under the old planned economy system and earnings inequality reduced slightly. Of the small change observed, the composition effect and the changes in the within-group residual variances contribute almost equally to the narrowing in the earnings inequality.
Urban economic reform in China took place mainly in the 1990s. During this period, many state-owned factories were making losses and more-able workers switched to the private sector while less-able workers exited from the labour market. It was during this period that the earnings inequality widened the most. Over the seven years between 1992 and 1998, the variance of the log earnings increased from 0.16 to 0.32, which accounted for more than three quarters of the total increase in the variance of log earnings over the entire 20 years. Of the total change of 0.16 variance, 88 per cent can be attributed to the increase in the within-group residual variances. We will come back to this point later in this section.
The above results suggest that during the 1990s when earnings inequality increased most significantly the major contributing factor to inequality is the increase in within-group residual inequality, whereas both the late 1980s to the early 1990s period and the 2000s period experienced a reduction in the earnings inequality. Panel A of Figure 5 The second panel of Table 5 presents 6 What caused the changing pattern of the within-group residual variances?
The above analysis indicates that the most significant increase in earnings inequality for urban male workers occurred in the 1990s and the main contributing factor is the increase in the sum of the within-group residual variances. From the early 2000s the increase in earnings inequality has stopped and so has the increase in within-group residual variances. The question naturally arises as to what are the driving forces behind the changing pattern of the residual variances over the past 20 years? To answer this question we first examine whether the change in the dispersion of within-group residual variances has the same trend for different skill groups. Figure 6 presents the changes in residual log earnings variances by education and experience cells. While Panels A and B of Figure 6 show the different trends in the residual variance for different experience groups within the educated (college and above) and less educated (Junior high and below) groups, respectively, Panels C and D present the changes for different education levels within the 1-10 (labeled as 'young') and 21-30 (labeled as 'old') years of experience groups.
The figure shows that the significant increase in the within-group residual variances between the early 1990s and the early 2000s is common for both young and old, and educated and less-educated groups. However, since the early 2000s the growth of the within-group residual variances has plateaued, but the speed of change varied across different skill groups. While in the educated group there is a similar slowing down of the increase in the within-group variances for the young and the old groups, the rate of the slowing down in the less-educated group for the young seems to be much faster than that for the old. The latter generated a significant narrowing of the gap in the within-group residual variances between the old and young in the less-educated group (Panel B) and for the young across different education categories (Panel C).
Causes of the increase in the within-group residual variances in the 1990s
What could be the reason for the considerable increase in the residual variance from the early 1990s to the early 2000s? In the literature changes in within-group residual variances are often fully attributed to changes in price for unobserved skills while the within-group distribution of unobserved skills is assumed to be held constant over time (Juhn, Murphy and Pierce, 1993 and Lemieux, 2002 . 11 This is quite a reasonable assumption if over time the proportion of the labour force across different skill cells does not change very much. As indicated in the Background Section, over the past 20 years the skill levels of the urban male labour force has changed significantly, but in the 1990s (especially between 1994-99) the changes have been moderate (see Panels E of Figure 1 ). This leads us to believe that it is unlikely that the distribution of the unobserved skill within each group has changed much for this period, and hence the increase in the within group residual variances is more likely to be driven by the increase in the price for unobserved skills. After all, it is reasonable to assume that the observed and unobserved skills are highly correlated, and hence, the increase in returns to education in the 1990s could also be a sign of the increase in returns to unobserved skills. The question, however, is what might have generated the increase in the returns to unobserved skills.
There could be two possible causes. One is the increase in demand for unobserved skills, of which 'skill biased technical change' is often cited as the driving force (Acemoglu, 2002) . The other possible cause is the changes in the wage determination system due to the shift from a planned to a market economy. In the planned economic system, wages were administratively determined and wage distribution across different skill groups was very compressed (see, for example, Meng, 2000; Benjamin, Brandt, Giles, and Wang, 2009 ). The process of marketization has increased the returns to education and other productivity related observed and unobserved skills.
A recent study on the causes of the increase in the returns to education for urban local workers in the 1990s has attributed most of the increase in returns to education to skill-biased technical change (Liu, Park, and Zhao, 2010) . However, the empirical method used in their study may not be able to disentangle the two possible causes discussed above. Following Katz and Murphy (1992) the authors estimate a version of the following equation:
where ( W h W l ) is relative earnings of skilled and unskilled workers, and N h N l is the relative employment of the skilled and unskilled workers. The basic idea of this method is that the relative supply of skilled labour increases and moves the employment ratio down the downward slopping demand curve over time and this effect will be captured by β. If there is any (skill-biased) technical change occurring over time, it shifts the demand curve (upward) and this effect will be captured by the coefficient on the time trend (α). Given that the elasticity of substitution is greater than 1, a positive α will imply a skill-biased technical change. However, in the Chinese case a positive α is also consistent with the fact that the institutional change towards a market economy has increased wages of skilled workers relative to unskilled workers. Thus, simply obtaining a positive α cannot identify whether the significant increase in within group residual variances is caused by the increase in demand for skilled workers or by institutional change. 12
In fact, we are more inclined to believe that the latter may have played a more important role. As discussed earlier, China experienced its most significant labour market reform in the 1990s. During this period we observe a considerable drop in the returns to experience (seniority) and increase in the returns to education (Figure 4) , reflecting the switching regime of wage determination. Furthermore, if skill-biased technical change is the main driving force, we might observe a continuation or even a speeding-up of the increase in within-group residual variances in the 2000s as this is an even faster economic growth period. Instead, the 2000s has seen a slowing down of the increase in within-group residual variances. 6.2 Why did the increase in within-group residual variances plateau at a different rate for different skill groups in the 2000s?
Given our conjecture that the significant increase in within-group residual variances in the 1990s is mainly caused by institutional changes in wage setting and given that this process was virtually completed by the early 2000s, we would expect that the increase in within-group residual variances should stop from the early 2000s. This, indeed, is the case (see Figure 6) .
However, what is surprising is that the slowing down of the increase in within-group residual variances occurs at a different rate for different skill groups. Within the college group the gap in residual variances between the young and old remained constant over the entire period, but for the less-educated group there was a narrowing of the gap in the residual variances between the young and the old. There was also a narrowing of the gap between educated and less-educated groups for those with 1 to 10 years of experience. In other words, the rate of slowing down is much faster for the young than for the old and within the young it is much faster for the lesseducated than for the educated. This pattern is more obvious if we reproduce the two graphs from Panels C and D of Figure 6 , excluding the technical and senior high school groups (see Figure 8 ). For the young group (1-10 years of experience), the gap between residual variances for the educated and the less-educated groups narrowed significantly in the 2000s. This pattern, however, is not observed for the old group (21-30 years of experience) where, in the 2000s, the variance between the more and less educated groups has widened. Why is this the case?
We believe that this difference, to a large extent, is related to the change in the withingroup distribution of unobserved skills. Even though the literature often assumes that the within-group distribution of unobserved skills is held constant over time (Juhn, Murphy and Pierce, 1993 and Lemieux, 2002 , this assumption may not be valid in our setting. 13 One possible cause for over-time changes in the distribution of within-group unobserved ability is the significant changes in education attainment. As discussed in the background section, the significant education expansion occurred in 1999 when there was a sudden increase in college and university enrolment of more than 40 per cent. Since then the speed of the expansion has not slowed (see Panel D of Figure 1 ). Panel E of Figure 1 shows that in 1988, 16 per cent of the total male labour force had a tertiary qualification and by 2007 this ratio had increased to above 40 per cent. While the proportion of technical and senior high school graduates did not change much over the same period, the ratio of the work force with junior high school or below education reduced from over 48 per cent in 1988 to less than 24 per cent in 2007.
How should the increase in college enrolment affect the within-group distribution of unobserved skills? The following example may illustrate this clearly. Assume that the unobserved skill distributions for the two periods for the population are constant, and that the total population is divided into two groups: the educated and the less-educated. Assume that in period one, only 10 per cent of the population is in the educated group, and in period two this increases to 40 per cent. In this situation, the within-group distribution of unobserved skills for the educated group should be wider in the second period than in the first period, while for the less-educated group it should be narrower in the second period than that in the first period. This is because only relatively able people can pass the college entry exam and receive an education at a college or higher level. When there is a significant expansion of tertiary enrolment, the less-able people will be admitted to tertiary education, and hence widen the ability distribution within the educated group and narrow the ability distribution within the less-educated group.
This distributional change of unobserved skills for the educated and less-educated groups is illustrated in Figure 8 , where the normal distribution curve represents the distribution of unobserved skills for the entire population for both period 1 (t) and period 2 (t + 1). The two grey bars indicate the division between the educated and less-educated groups in period 1 (high t ) and period 2 (high t+1 ). As society decides to educate more people it lowers the 'standard' required to be in the educated group (the grey bar moves to the left). As a result, the distribution of unobserved skills within the educated group widens from the distance 'educated t' to the distance 'educated t + 1', while that of the less-educated group narrows by the same amount (from 'less-educated t' to 'less-educated t + 1').
Of course, the variance of unobserved ability within the educated and less-educated groups not only depends on the "distance" but also on the shape of the distribution. To ensure that the above claims are valid for our data, we carry out the following simulations. First we generate four different random samples of 5,000 observations each with a normal distribution. The first sample has mean zero and standard deviation equal to one. For the next three samples, the means and standard deviations are set the same as our 1988, 1997, and 2006 samples. We then rank these observations within each sample and calculate the variance for each of the four full samples and then for the samples excluding an additional 100 observations at a time from the top of the distribution to the bottom (i.e. the first sample has 5,000 observation, the second excludes the top 100 observations, the third exclude additional 100 observations, until the fiftieth sample, which has 100 observation of the lowest value). This gives us 50 variances for each experiment for each sample. If the "distance" is positively related with the variances given the mean and the standard deviation of the distribution, we should observe that each new variance calculated with 100 less observations should be smaller than the previous one. Our results for all four samples (each with 1,000 experiments) are presented in Appendix A, which shows that in all cases our original conclusion that the "distance" is positively correlated with the variance is true given the shape of our chosen distributions. 14 Our simple example shows that when the proportion of the labour force with tertiary education doubles while proportion of labour force with junior high school education reduces by half, it is not possible to assume that the within-group distribution of unobserved ability is held constant over time and all the changes in the within-group residual variances are due to the change in price for the unobserved ability. Based on the timing of the nationwide education expansion, we would expect that in the 2000s, the change in the within-group distribution of unobserved skills would play an increasing role in explaining the change in the within-group residual variance. In addition, we would expect that the distributional change would affect the young more than the old and that it should increase the within group residual variance for the educated and reduce it for the less-educated.
Indeed, our empirical results are rather consistent with these predictions. To show this more clearly we take difference-in-differences of Panels A and B of Figure 7 (the difference between the educated and less-educated in the young group minus the difference between the educated 14 More details of the simulations are available upon request from the authors. and less-educated in the old group). If the difference between the educated and less-educated in the young group mimics that in the old group we should see the diff-in-diff plot hovering around the zero line. Figure 9 presents this diff-in-diffs plot and it shows that for the late 1980s and most of the 1990s the diff-in-diffs values do not deviate from zero much, but since the 2000s, the difference of within-group residual variances between the educated and less-educated for the young group is widened significantly relative to that for the old group.
Although the pattern of changes in within-group variances among different groups presented in Figure 7 fits in with our predictions, there are some details which do not fit exactly. In particular, although the left panel of Figure 7 indicates a reduction in within-group residual variance for the less-educated in the young group in the 2000s, it does not show a similar degree of increase in the within-group variance for the educated group, as we predicted. Our conjecture for this inconsistency is that, perhaps, the significant increase in the supply of educated labour force has not only suppressed the price for observable skills but also that for unobservable skills.
Thus, the increased 'distance' in distribution increases the residual variance for this group but the supressed price for unobservables offset the distribution effect. This may be confirmed by the fact that without significant changes in the distribution of the unobservable skills for the educated in the old group, the within-group residual variance for this group has also declined.
Thus, the decrease in the price for unobservable skills offsets the effect of the increase in the distribution of the unobservable skills for the young educated group. Had there not been a slowing down of the rewards to the observable and unobservable skills, we would have observed an increase in within-group residual variances for the educated young group.
Conclusions
In this paper we examine the change in male earnings inequality in urban China during a period of unprecedented economic growth and significant institutional changes. We find that over the twenty year period, earnings inequality increased by almost 60 per cent when inequality is measured by the Gini coefficient and 76 per cent when it is measured by the variance of log real earnings. Such a significant increase has not been seen in many other countries.
Our analysis indicates that while the changes in prices for observable skills and the changes in composition of the male labour force explained some of the changes, more than 80 per cent of the increases in earnings inequality during this period was due to the increase in the withingroup residual inequality.
Our analysis suggests that during the 1990s the increases in within-group residual variances are mainly due to the increases in returns to unobservable skills. As the economy transformed from a system where wages were administratively determined to a market system, the reward to both observed and unobserved skills increased.
In the 2000s, however, we note that the trend in within-group residual variances changes significantly. This is a result of a combination of the changes in the distribution of the withingroup unobserved skills and a reduction in the reward to the unobservable (as well as observable) skills due to the over supply of the labour force with tertiary qualification. As a result of the significant expansion of college enrolments from the late 1990s, the within-group unobserved skill distribution widened in the educated group and narrowed in the less-educated group. We found that this change in the distribution of within-group unobserved skills could, perhaps, explain a large part of the slowing down of the changes in within-group residual variances. 2007 1998 2003 -1998 Basic model, 1988 
